MATERIAL AND METHODS
In this study, we used a sample of 34 specimens (25 males and 9 females) of S. platyrhinus and 57 specimens (32 males and 25 females) of H. prasinata loaned from three collections (curators between parenthesis): MNRJ, Museu Nacional, Universidade Federal do Rio de Janeiro, Rio de Janeiro (M. Monné); AMCT, American Coleoptera Museum, San Antonio, Texas (J. Wappes); and DZUP, Coleção Padre Jesus S. Moure, Departamento de Zoologia, Universidade Federal do Paraná, Curitiba (L. Marinoni).
All individuals were measured using the standard imageanalysis software Moticam 1000, or in the case of elytral length, a digital caliper. Before each trait was measured, the specimen was oriented so that the trait of interest was as closely parallel to the plane of the objective lens as possible. The anatomical landmarks measured follow MERMUDES & NAPP (2006) with some modifications. These modifications, defined in Table I , are based on characters that display variation among males and the sexes, independently of geographical locality. The 26 traits (measurements in millimeters) used were log-transformed (Table I and Figs 1-7) .
Linear models and cluster analysis were performed in PAST version 2.0 (HAMMER et al. 2001) . Multivariate analyses (PCA and CVA) were run in vegan (OKSANEN et al. 2013) and Morph (SCHLAGER 2013) . Both packages were implemented in R (R CORE TEAM 2013).
Variations in phenotypic traits between and within sexes were accessed through the coefficient of variation (CV).
A cluster analysis with Ward's methods (based on Euclidean distance) was carried out with 1,000 Bootstrap replicates (VALENTIN 2000) . In this analysis, missing data were replaced by the column average. Additionally, a Principal Components Analysis (PCA) of the covariance-variance matrix of all variables was performed to reduce the dimension of the data matrix and to visualize possible differences among groups and characters that contributed the most to these differences. The first two component axes were then used as variables in a Canonical Variate Analysis (CVA) to test morphometric differences among groups.
The analyses were designed to test the relationship between body size (prothorax length = PL) and all other variables. For this reason we used the allometric function y = ax b (HUXLEY 1932 (HUXLEY , 1950 . However, the data was log-transformed and expressed by: log y = log a + b (log x), to fit a straight line (GOULD 1966) .
Body size (prothorax length = PL) was used as a predictor variable and all other measurements were considered as response variables. However, in allometric studies, no variable can be considered independent (GOULD 1966) . Therefore, we decided to fit a model II regression, or Reduced Major Axis regression (RMA). This allows the combined variation of the two variables to be better described because there are associated errors in both.
The slope (b) of the model II regression is the allometric constant that expresses the relationship between two variables and it has been used as an indication of the allometric pattern (EMDEN 2008) . Therefore, when b equals 0 there is no allometric relationship. However, when b = 1 the relationship is isometric, b < 1 determines a negative allometry, and b > 1 describes positive allometry. The level of statistical significance was set at 0.05 in all analyzes.
RESULTS
The mean and standard deviation of all measurements were given in the Appendixes 1 and 2. The amplitude of total body length (TL) and the coefficient of variation (CV) for S. platyrhinus and H. prasinata were summarized in Table II . Sexual dimorphism. Males of H. prasinata (Fig. 8 ) are relatively larger than females (Fig. 9 ). Major males of S. platyrhinus (Fig. 10 ) are similar to females in size, whereas minor males (Fig. 11 ) of this species are smaller than their female counterparts (Fig. 12 ). Males and females of H. prasinata and S. platyrhinus did not differ in the following variables that correspond to monomorphic characters in both species: apical width of rostrum (RAW), basal width of rostrum (RBW), head width (HW), prothorax length (PL), prothorax width (PW), elytra length (EL), elytra width (EW), inter-scrobal distance (DIS), and inter-eye width (IEW), as detailed in Appendix 1.
The independent t test for sexual dimorphism of all variables is shown for the two species analyzed (Appendix 1). Males and females of the two species did not differ only in the maximum eye width (MEW). Based on the RMA results for S. platyrhinus (Table III) , the elytral length and width did not show allometry. These results showed that all other structures are indicative of sexual dimorphism, as previously suggested by HOLLOWAY (1982) and MERMUDES (2002) .
Polyphenism in males. In S. platyrhynus, major and minor males differ significantly in almost all variables, with the exception of antennomeres VII, VIII, and IX and ventrite V. The result of the independent t test for the polyphenism in males of the two species analyzed is shown in Table III . The presence of two groups of males in S. platyrhinus, relatively discrete in size, indicates size polyphenism (Table III and Ap- The Principal Components Analysis (PCA) indicated that size has a greater influence on the identification of groups (major males, minor males, and females) of S. platyrhynus (Table V and Fig. 15 ). The separation of the groups was evident by the analysis of the axes of components 1 and 2, which explain more than 80% of total variance. In the first axis (PC1), two groups were identified: males and females. The second axis (PC2) shows the separation between major and minor males. For H. prasinata, the principal components analysis indicated that size contributes to the differentiation of groups (Table V) . However, there is no evidence of polyphenism in males (Fig. 16 ). The first and second components explained 87% of total evidence.
Canonical Variate Analysis (CVA), together with MANOVA, confirmed that there are three different morphotypes in S. platyrhynus (MANOVA CVA: Wilks' Lambda = 0.000194; df1 = 50; df2 = 14; F = 19.82; p < 0.0001) with correct allocation of specimens exceeding 90%. The separation of groups in S. platyrhynus ( Fig. 17) was evident through the first two axes, of which the first CV provided information for the separation of males and females and the second CV distinguished major and minor males. This separation is obtained essentially by a size contrast among head width (HW), prothorax width (PW), elytra width (EW), and length of antennal segment VII. CVA was not undertaken for H. prasinata because it is only recommended when there are more than two groups (HAMMER 2002) .
Allometry and sexual dimorphism. Results of analysis by the RMA in S. platyrhinus males, without separating major and minor groups (Table IV) , showed positive allometry between the independent variable PL (prothorax length) and each of the six variables connected with the rostrum (rostral length 1, apical width of rostrum, medial width 1 and 2 of rostrum, basal width of rostrum, and inter-scrobal distance). Even within the analysis of males, only one variable of the head, inter-eye width (IEW), and three antennal segments (the proximal III-V), did not fit an allometric pattern, differing from females of S. platyrhinus in this respect (Table IV) .
Differing from the results above, evidence of sexual dimorphism with allometric patterns was confirmed only for females of H. prasinata in the following characters: width of head, prothorax, and elytra. Males of H. prasinata (Table IV) showed positive allometry for only one trait in the antennae (segment III). Males and females of this species, however, showed positive allometry in thirteen measurements, whereas females showed exclusive positive allometry in five traits. Allometry and polyphenism in males. In reviewing the evidence of allometry between major and minor males of S. platyrhynus (Table III) , five variables from the rostrum (RAW, MW1R, MW2R, RBW, and DIS), two of antennomeres (III) and only one from the ventrite (VL IV) have positive allometry only in major males. On the other hand, minor males showed positive allometry in prothorax and elytral width, and length of rostrum and antennomeres II, III, and VI. This demonstrates a clear morphological plasticity between males.
DISCUSSION
According to KAWANO (2006) , body size is the most appropriate morphological trait for allometric analyses because it depends on the quality of the nutrition received by an individual during growth. However, other traits have been used as allometric predictors, for instance elytra length (CLARK 1977 , GOLDSMITH 1985 , elytra width (EBERHARD 1980 , COOK 1987 , and pronotum width (EMLEM 1994 , 1996 , EBERHARD et al. 1998 , EMLEN et al. 2005 , TOMKINS et al. 2005 . KAWANO (2006) stated that in sexually dimorphic beetles characters such as elytra length (EL), elytra width (EW), and prothorax width (PW) are not adequate allometric predictors because they do not represent a true measurement of body size (see MOCZEK et al. 2002 for a different view) . Notably, we know that nutritional and environmental factors influence body size and also dimorphic structures, and that body size, as a dimorphic structure, is determined by endocrine mechanisms regulating development (EMLEN et al. 2005) .
We did not use the TL as an allometric predictor because it is a composite measure formed by the sum of rostral length (RL1), prothorax length (PL), and elytra length (EL). Moreover, all these traits exhibited positive allometry (see discussion below), which could lead, through high correlations, to an indirect correlation. In addition, the elytra width (EW) showed positive allometry for males of S. platyrhinus and H. prasinata, and females of H. prasinata. Thus, only the prothorax length (PL) was used as a proxy for the true size of the body in the subsequent allometric analysis.
The results on variation in monomorphic characters also corroborated the work of HOLLOWAY (1982) , who postulated that the inter-scrobal distance (DIS) is a diagnostic character for genera in Anthribidae. Our results also showed that the DIS did not differ between sexes because it is a monomorphic character. Additionally, the results showed that, in a supposedly dimorphic structure such as the rostrum, there are measurements that do not vary between the sexes (monomorphic). For H. prasinata there were no differences between the sexes in rostral length (RL1). For S. platyrhynus, there were no differences in: (1) rostrum, the average width 1 (MW1B) and width 2 (MW2R); (2) antenna, length of antennomere II; and (3) abdomen, length of ventrite IV (VL IV).
Sexual dimorphism was discussed by HOLLOWAY (1982) and MERMUDES & NAPP (2006) ; it occurs in the relative length of the antenna of males of some Anthribinae. Also, MERMUDES (2005) used a relationship between the length of ventrites IV and V to distinguish between males and females of Hypselotropis Jekel, 1855. Our results here show that ventrite V is always longer than ventrite IV in both males and females of H. prasinata. This differs from the opinion of MERMUDES (2005) who believes that ventrite V in males is always slightly shorter than ventrite IV. However, our results confirmed this relationship for females. The large number of variables with values also tested by PCA and CVA suggest that there is marked sexual dimorphism in some structural characters that had not been previously investigated. The multivariate analysis (PCA) indicated that two relatively discrete groups of males of S. platyrhinus exist with respect to size (major males, minor males and females, Fig. 15 ), which was confirmed by CVA (Fig. 17) , revealing the presence of polyphenism in males of this species. The analysis suggested that the allometric component contributes to the differentiation of groups, but there is no evidence of polyphenism in males of H. prasinata (Fig. 16) , rejecting, at least in this analysis, the hypothesis of size polyphenism in this species. Considering together all the results on allometry and sexual dimorphism, we conclude that, in the case of S. platyrhinus, the dimensions of the rostrum, antennal segments, and ventrites IV and V indicate that sexual dimorphism is in place, as previously suggested by MERMUDES (2002) . Traits that exhibited positive allometry are a strong indication of sexual dimorphism (EMLEN 1996 , MOCZEK et al. 2002 , MATSUO 2005 , MOCZEK 2006 . It is worth noting that the variables with positive allometry in S. platyrhinus are at the anterior part of body (rostrum and frons). In this species, the rostrum and forehead are vertical (hypognathous), providing evidence that such structures are subject to sexual selection and are probably associated with male fighting, similar to the condition found in Exechesops leucopis.
Despite the fact that we have analyzed only two species, our results emphasize allometric patterns in structures with sexual dimorphism that can be highly variable within S. platyrhynus males. Almost all species of Anthribidae that show sexual dimorphism lack structures known as weapons (e.g., horns). Polyphenism in males was also found to be present in S. platyrhinus, making it possible to infer that many traits related to dimorphism could play a role in tactical alternatives that minor males developed when confronted with major males, as reported by HOWDEN (1992), YOSHITAKE & KAWASHIMA (2004), and MATSUO (2005) .
Initially, the allometric variation could be derived from either behavioral differences between major or minor males or from a threshold size to developing weapons (horns or mandibles) with exaggerated sizes (MOCZEK & EMLEN 2000 , MOCZEK et al. 2002 , YOSHITAKE & KAWASHIMA 2004 , MATSUO 2005 . In males of some species of Anthribidae (which do not have horns = weapons), sexually dimorphic traits exhibit positive allometry with body size, whereas isometry or negative allometry is detected when sexually monomorphic traits are considered (or which are not associated with dimorphism) (MATSUO 2005) .
The behavioral relationship involves male-male competition for females, but it does not eliminate the interactions between minor males when they meet, as well as alternative tactics developed by minor males to copulate (EMLEN 1994 , MOCZEK et al. 2002 , MATSUO 2005 , TOMKINS & MOCZEK 2009 ).
Finally, it is possible that the morphological patterns of Anthribidae are linked to the protection of the female, which is secured by males during oviposition, and that a relationship between reproductive behavior and alternative morphologies exists (as noted by HOWDEN 1992). This behavioral pattern can be elucidated in further studies on S. platyrhinus.
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